








i' A. Technical Memor 

h of 

most 

uch diagrammatic r e  

used f o r  s t r e n g t h  c a l c u l a t i o n  i n  sh ipbu i ld ing  

i n  a very few cases  but 

he var ious  f a c t o r s ,  a co kaon betmen the  d l f f  

els and, inprovement ir, the load condi t ions ,  when supplemcnt- 

ed by e x p e r i m n t a l l y  determimCl values, Hence, t h e  following 

c a l c u l a t i o n s  Epply t o  t h e  so-ea led  I 'established" seaaway - a sea- 

way which, according t o  numerous observa t ions ,*  i s  constant  

when t h e r e  i s  a long e.nough unobstructed wind pa th ,  s u f f i c i e n t  

depth o f  water,  and 3. steady wind of  cons tan t  d i r e c t i o n  and 

force .  The adopted wasre shape i s  t rochoida l .  

S imi la r  s i m p l i f i c a t i o n s  and assumpt ions  should be made on 

t h e  manner of landing,  It would then  be poss ib l e  t o  work out 

l and ing  cases  f o r  s p e c i f i c  seaways and: t o  c a l c u l a t e  t h e  landing 

impact Sy t h e  method s e t  f o r t h  below, us ing  the  bottom contact  

a r e a s  obtained from t h e  drawing. The gene ra l  c o n d i t i  

ex t en t  t o  which t h e  p i l o t  can be expected t o  avoid very rough 
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l e  of withstanding i s  produced i n  t 

seaplane s t r i k e s  t h e  water f l a t l y  wi th  t 

t h e  bottom. This  may happen when, i n  a t tempting t o  l and  

t h e  t a i l  down, t h e  seaplane meets an oncoming wave, or  i n  s t a t -  

ing ,  takes o f f  prematurely and falls back on the water. The 

a l i g h t i n g  moment i s  shown diagrammatically i n  Figure 1. Seaway 

2 with a wave l e n g t h  of 11 m (38  f t . )  aEd a wme depth of 1 m 

(3.28 ft.) i s  roughly represented  i n  t h e  f igu re .  The wave i s  

represented  as usua l  by a t rochoid.  The wind speed c9rrespond- 

ing  t o  t h e  seaway i s  approximately 3 m/s (9.8 f t . / s e c . ) .  

ea 
of t h e  corresponding components of t h e  speed above ground com- 

bined with the  v e l o c i t y  of t h e  water. I n  genera3 ca can be 

r ep laced  by t h e  corresponding component of the  landing  speed nor- 

Let 

It c o n s i s t s  be t h e  seaplane speed w i t h  r e spec t  t o  t h e  water. 

m a l  t o  t h e  kee l  at t h e  maximum angle of  a t tack .  Inasmuch as t h e  

seaplane i s  u s u a l l y  brought down against  t h e  wind, t h e  reduct ion  

i n  the landing  speed caused by t h e  head wind i s  balanced by t h e  
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fl bottom on t h e  wat According t o  L f 

formulas a e  then  obtained under t h e  s 

p r e s s u r e s  of t h e  f loa , t  bottom i n  atwo-dimensional s o l u t i o n ,  

when t h e  motion i s  s t a r t e d  from the p o s i t i o n  of r e s t  

i n  which 8 i s  t h e  impulsive pressure.  

By means of t h e  equation of con t inu i ty ,  we t hen  obtain- 

& * & = . ) ,  
ax" Fly2 

provided ,O i s  constant  which, on account of the s l i g h t  compress- 

i b i l i t y  o f  water,  seems admissible even f o r  very l a r g e  impact 

forces .  We shall  now consider  t h e  marginal condi t ions  f o r  a 

p l a t e  0% i n f i n i t e  l eng th  and width b ly i r ,g  on t h e  water. 

If t h e  inpu l s ive  p re s su re  of t h e  above equat ions  i s  rep laced  

by 63'= p Q, i n  which @ i s  t h e  v e l o c i t y  p o t e n t i a l ,  and i t  i s  

considered t h a t  no h p u l s i v e  p res su res  a r e  exer ted  on t h e  open 

f o r  the p l a t e  of i n f i n i t e  leng  



The d i s t r i b u t i o n  of the impact p r e s s u r e s  over b i s  e l l i p t i c a l .  

I t  i s  assumed t h a t  t h e  p la te  is abso lu te ly  r igid.  In p r a c t i c e  

t he  flow and t h e  p re s su re  d i s t r i b u t i o n  a r e  subjec t  t o  va r i a t ion .  

5, The assumption of an i n f i n i t e  l e n g t h  does not apply t o  

t h e  a c t u a l  f l o a t  bottom, I n  f a c t ,  t h e  l e n g t h  of t h e  bottom 

p o r t i o n  which s t r i k e s  t h e  water i s  of the same order  of  magni- 

tuda as t h e  width. Since,  on t h e  afisumption of an i n f i n i t e  
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The mass of t h e  instrument was then determined by causing it t o  

v i b r a t e  i n  air. A comparison o f  t he  mass determined by v ib  

n w i t h  t ha t  obtained by weighing sh 









where 
,--"-.---.--- 

and 

f o r  t h e  maximum impact 

P = k fm, = A + 
where 

vg = J ( u  g p)2 3. c$ k p + g p F2 (4 )  

This formula i s  q u i t e  gene ra l  and t h e r e f o r e  applicable t o  

l andplanes  as wel l ,  provided t h e  mass of  t h e  wheel i s  disregard- 

In this case M2 = (XJ and t h e  express ion  becomes p = Ml. 



and w = l + w  
where 

t i o n d  t o  A" = ( t / ~ f i ~  wliere is an arb i t ra ry  l e  

L the corresponding length of another  lap 





t e  of the  T 











For a more conveniefit c a l c ~ ~ l - a t i o n ,  l e t  
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can be e a s i l y  determined. A mean spr ing  constant  

k = i!ki d F i  

f l o a t  bottom, whence t h e  mean bottom p res su re  i s  obtained. 

t h e  p o i n t s  where t h e  sp r ing  constant  of t h e  bottom i s  

must be introduced f o r  the e l a s t i c i t y  of t h e  

t h a n  t h e  i2ea.n sp r ing  cons tan t ,  the. bottom pre  8 

while it inc reases  at t h e  po in ts  where t h e  constant  

namely, i n  t h e  neighborhood of t h e  bulkheads. 

10. A numerical exaznple is  given i n  t h e  form of a calcLila- 

t i o n  f o r  a f l o a t  seaplane of t h e  Heinkel monoplane type,  e.g., 

t h e  HE 5, HE 8, HE 9 ,  e tc .  The e l a , s t i c i t y  between t h e  fuse- 

l a g e  and f l o a t  i s  determined by a v i b r a t i o n  t e s t  made by H. 

Mertel  and Le i s s  o f  t h e  S ta t ic  Divis ion of the D. V. L. on an 

HE 8 f o r  t h e  determinat ion of wing vibrat ion:*.  

The f l o a t  was found t o  develop v i b r a t i o n s  wi th  a frequency 

of 550/min., as shorn  i n  Figure 7. 

t h e r e f o r e ,  we should put kh = @ , 
passed through t h e  rear suspension po in t  o f  the f l o a t .  However, 

In t h e  above equat ions  

s ince  %he a x i s  of v i b r a t i o n  

as a f i rs t  approximation, we s h a l l  use  t h e  formulas der ived  from 

t h e  s impl i f i ed  assumptions which, s t r i c t l y  speaking, hold good 

only f o r  k, = kh and a = b, o r  f o r  a si e sp r ing  l o c a t e d  

i n  t h e  l i n e  of g r a v i t y  of t h e  constant  k,, 

Let k, be t h e  constant  of a sg r ing  m 

of g r a v i t y  g h 

v i b r a t i o n  as t h a t  o f  the observed v ib ra t ion .  For t h e  l a f t e r  

and producing t h e  sane type and-frequency of 





under t he  weight of t h e  seaplane. 

The landing  case represented  i n  Figure 1 i s  used f o r  t h e  

ca l cu la t ion .  

t h e  l i n e  o f  f l i g h t  roughly ho r i zon ta l  and the  angle of i nc l ina -  

t i o n  correspond t o  t h e  angle o f  a t t a c k  i n  l e v e l i n g  o f f  (about 

12'). Hence, t h e  normal speed component i s  ea = 5.2 m/s, t h  

l e n g t h  o f  t h e  bottom s t r i k i n g  t h e  Water i s  approximately 1.2 m, 

according t o  Figure 1, and t h e  spr ing  constant  of t he  bottoiz 

Let t h e  a i r p l a n e  spced. be V = 90 km/h = 2 5  m / s ,  



f o r e  co l lapse  prematurely. The f requencies  of t h e  i 

n, = 15/s 

n, = 7z/s.  

11.. A s  was t o  be a n t i c i p  ed from the  prel iminary s 

ments, t h e  r e s u l t  w a s  conf.ined. t o  the  pu re ly  e l a s t i c  impa 

w i t h  t h e  impmt c o e f f i c i e n t  1, In  p r a c t i c e  the  imp 

damped, c h i e f l y  by t h e  i n t e r n a l  damping of t he  ixa te r ia l  and by 







However, t h e  problew seems t o  be covered s u f f i c i e n t l y  wher, t h e  

reduced mass i s  substituted f o r  t he  mass M of t h e  seaplane 

(equat ion  6 )  i n  t h e  formulas f o r  t he  s t e p  impact. 

of t h e  c a l c u l a t i o n  developed i n  t h i s  connection, t h e  formula 

assu'Ly12s t h e  e l a s t i c i t y  i s  l o c a t e d  between t h e  water and f l o  

On t h e  sense 



14. Let us a l s o  i n v e s t i g a t e  the V-shaped bottom 

case represented i n  Figure 1. A wedge of t h e  l eng th  a ( F  

by a spr ing  member. 

time 

constant  but a func t ion  o f  t h e  width y, corresponds 

bottom por t ion  of a width y and a depth x2 immersed a 

time t ,  The force 011 t he  bottom, which i s  assumed t o  h 

w equals the  momentum increment o f  t h i s  v 

This wedge p e n e t r a t e s  i n t o  t h e  water 

t with t h e  speed dt+ x2 A water mass Y%, 





when a is %ne kee l  angle,  

p t h e  densi ty  o f  t h e  water, 



e forces on t h e  f l o a t  bottom. 

t h e  e l a s t i c i t y  must t h e n  be taken i n  

A s  a f i r s t  approximation, w e  might confine ourselves 

fig the impact of the f l a t  bottom, t a k i n g  e l a s t i c  



17, Figures  11 m d  12 show the  results which c 

r e t i c a l l y  a n t i c i p a t e d  f o r  Heinkel monopl‘mes c a l c u l a t e d  f o r  a 

geometr ica l ly  siinilar inc rease  of dimensions but v a r i a t i o n s  i n  

l and ing  speed and bottom angle. Inasmuch as the  impact force 

f o r  f l a t  01’ V-shaped bottoms i s  p ropor t iona l  t o  a su r face ,  

P = c l / G ” ,  Ii1 

t h i s  f o r x u l a  t h e  c o e f f i c i e n t  c d e p n d s  on the  speed and the  

kee l  angle only. The l o a d  f a c t o r  i s  then  

3 -  
can be expressed as a func t ion  of  t h e  weight. 

P C e = - = - -  G 3rG-- *  



The load  f a c t o r  c a l c u l a t e d  f o r  t h e  f u s e l a  

kilogram seaplane i n  seaway 2 waG 6 g. I t  would be wrong, how- 

ever, t o  conclude tha t  a seaplane c a l c u l a t e d  with t h i s  l oad  fac- 

t o r  cannot r e s i s t  s t ro=er  seaways, s i n c e  a s k i l l e d  p i l o t  usu- 

a l l y  succeeds i n  avoiding t h e  case represented  i n  Figure 1 by a 

t a i l  landing. Yet seaway 2 seems t o  be t h e  l i m i t  at which a 

p i l o t  can b r ing  h i s  plane down without s p e c i a l  t r a i n i n g .  Be- 

s i d e s ,  seaways seldom correspond t o  condi t ions  which can be rep- 

r e s e n t e d  diagrammaticjl ly.  .However, such a r ep resen ta t ion  i s  

a l s o  used i n  sh ipbui ld ing  p r a c t i c e  f o r  s t r e n g t h  c a l c u l a t i o n s  

and i s  necessary i n  order  t o  ob ta in  a basis f o r  t h e  ca lcu la t ion .  

Comparison wi th  t he  DVL Load Assumptions 
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